Regulatory T (Treg) cells play an essential role in the maintenance of intestinal homeostasis. In Peyer's patches (PPs) 
Summary
Regulatory T (Treg) cells play an essential role in the maintenance of intestinal homeostasis. In Peyer's patches (PPs), which comprise the most important IgA induction site in the gut-associated lymphoid tissue, Treg cells promote IgA isotype switching. However, the mechanisms underlying their entry into PPs and isotype switching facilitation in activated B cells remain unknown. This study, based on the dextran sulphate sodium (DSS)-induced colitis model, revealed that Treg cells are significantly increased in PPs, along with CD11b + B-cell induction. 3 We have previously demonstrated that B cells attenuate the severity of acute dextran sulphate sodium (DSS) -induced colitis and maintain gut homeostasis through an increase in regulatory T (Treg) cells. 4 Moreover, Treg cells are considered important facilitators of the induction and maintenance of intestinal IgA + B-cell responses. 5 Cong and colleagues showed that Treg cells can regulate intestinal IgA expression of B cells via transforming growth factor b (TGF-b). 6 Therefore, the interaction between Treg and B cells may play a role in the maintenance of intestinal immune homeostasis. However, how Treg cells enter
I M M U N O L O G Y O R I G I N A L A R T I C L E
the B zone, in particular Peyer's patches (PPs), to interact with B cells, remains unknown.
CD11b, also known as macrophage-1 antigen (Mac-1), is widely expressed on various immune cells, including B cells, and multiple studies indicate that it exerts a suppressive function. For example, CD11b expressed in antigen-presenting cells negatively regulates immune responses via Toll-like receptor pathways. 7, 8 Moreover, CD11b expression can inhibit T-cell activation and T helper type 17 (Th17) cell differentiation, 9, 10 and can maintain autoreactive B-cell tolerance through negative regulation of B-cell receptor signalling. 11 The suppressive function of CD11b has also been reported in autoimmune diseases, including DSS-induced colitis. 12 In our previous study, CD11b-expressed B cells acted as regulatory cells in experimental autoimmune hepatitis induced by self-liver antigens. 13 However, little is known about the role of induced CD11b + B cells in colitis. Highly organized follicular structures termed PPs constitute the most important IgA-inducing sites in the gutassociated lymphoid tissue. 14, 15 The development of IgA + B cells in PPs depends on the antigenic stimulation and generation of germinal centres. 16, 17 The PPs are equipped with a follicle-associated epithelium that contains microfold cells (M cells), able to recognize and capture invaded antigens. 18 Following antigen-specific stimulation, PPs form germinal centres while B cells undergo proliferation, class switch recombination and somatic hypermutation to induce high-affinity IgA. 19 21 Moreover, Th17 was reported to mediate gut-IgA induction for specific members of the commensal microbiota, such as segmented filamentous bacteria colonization. [22] [23] [24] Recent studies have shown that Treg cells also play a critical role in the differentiation of IgA + B cells in PPs. 5 Our previous study revealed that B cells increase Treg cells in the lamina propria. 4 Whether this also occurs in PPs remains unclear.
Using 
Materials and methods

Mice
Wild-type (WT) C57BL/6 mice were purchased from the Shanghai SLAC Laboratory Animal Co., Ltd (Shanghai, China). CD11b À/À mice and lMT mice on a C57BL/6 background were obtained from the Institute Pasteur of the Chinese Academy of Science (Shanghai, China). All mice were 6-12 weeks of age and were housed in the animal facility of Fudan University (Shanghai, China) under specific pathogen-free barrier conditions. Animal care and use were in compliance with the guidelines outlined in the Guide for the Care and Use of Laboratory Animals.
DSS-induced colitis
According to a previously established protocol, experimental colitis was established by administering 2Á5% DSS (w/v; MP Biomedicals, Santa Ana, CA) in the mice's drinking water for 7 days.
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Immunofluorescence analysis
The PPs were removed and fixed in 4% paraformaldehyde for 24 h, washed with phosphate-buffered saline (PBS) and sequentially treated with 20% sucrose for 12 hr at 4°. The tissues were embedded in OCT compound (Sakura Finetechnical, Tokyo, Japan 
Enzyme-linked immunosorbent assay
To evaluate CXCL9-producing CD11b + B cells in PPs, cells were purified from DSS-treated mice on days 0, 4, 7 and 10 and cultured with RPMI-1640 medium in 96-well plates (2 9 10 5 cells/well) for 24 hr. The supernatants were collected and coated into the plates (100 ll/well) overnight, at 4°, after which they were blocked with 250 ll PBS containing 5% (w/v) fat-free milk at 37°for 2 hr. After washing the plates twice with PBS containing 0Á05% Tween-20, anti-CXCL9 antibodies (AF-492-NA; R&D Systems, Minneapolis, MN) were diluted as 1 lg/ml and added for incubation at 37°for 1Á5 hr. Horseradish peroxidase-conjugated donkey anti-goat antibodies (Santa Cruz Biotechnology, Heidelberg, Germany) were added, after which the plates were incubated at 37°for 1 hr. After the final washing, the colour reaction was developed with 4,4 0 -Bi-2,6-xylidine (eBioscience) at room temperature for 15 min and terminated with 2 M H 2 SO 4 . The optical density value was measured at a 450 nm wavelength (OD 450 ).
Real-time polymerase chain reaction analysis
Total RNA of CD11b + B cells was prepared with an RNeasy kit (Qiagen, Crawley, UK) followed by DNase I treatment and reverse transcribed into cDNA. Real-time polymerase chain reaction (PCR) was performed in SYBR Green Master Mix (TaKaRa Biotechnology Co., Ltd, Dalian, China) plus optimal volumes of cDNA and primers on the ABI 7500 Thermocycler (Applied Biosystems, Foster City, CA). The amplification parameter was used for 40 cycles of PCR, and all PCRs were set up at least in triplicate. The relative gene expression compared with b-actin was calculated by the ΔΔCt method. The chemokine-expression profile was made by HEMI software. The sense CXCL9 primer was 5 0 -GGCATCATCT TCCTGGAGCAGTGTGGAGTT-3 0 and the antisence CXCL9 primer was 5 0 -TTGTAGTGGATCGTGCCTCGGC TGGTG-3 0 . The sense b-actin primer was 5 0 -CCAGCCTT CCTTCTTGGGTATG-3 0 , and the antisense primer was 5 0 -TGTGTTGGCATAGAGGTCTTTACG-3 0 .
Treg cell migration and proliferation assays
To investigate the effect of CD11b + and CD11b À B cells
on Treg cell migration, we sorted B cells from PPs on days 4, 7 and 10 following DSS treatment and cultured them into RPMI-1640 medium (without FBS) in 48-well plates (3 9 10 5 cells/well) for 24 hr. Either 600 ll cell supernatant containing recombinant mouse CXCL9 (rmCXCL9, 50 ng/ml; Peprotech Inc.) or anti-CXCL9 antibody (1 lg/ml) was placed in the lower chamber of 6Á5-mm diameter, 5Á0-lm pore-size polycarbonate membrane filter Transwell plates (Costar Corning, Cambridge, MA). Total lymphocyte suspension (1 9 10 7 cells/ml) from PPs (on days 4, 7 and 10) was added to the upper filters (200 ll/well) and incubated for 4 hr. Migrated cells in the lower chamber were collected and stained with PE-CD4 (GK1.5; eBioscience) and APC-Foxp3 (MF23; BD Bioscience) followed by flow cytometry analysis. 
Statistical analysis
Multiple group comparisons were performed using oneway analysis of variance, followed by either Bonferroni correction or Mann-Whitney U-test to compare two individual groups. Statistical analysis was performed using GRAPHPAD PRISM (GraphPad Software, San Diego, CA). The P-value of < 0Á05 was considered statistically significant.
Results
Treg cells increased following CD11b + B-cell induction in PPs during colitis
Our previous study showed that Treg cells were indispensable helper cells to induce and maintain IgA in gut-associated lymphoid tissue during DSS-induced colitis. 4 As IgA isotype switch was reported to occur in PPs, 26 we first determined the distribution of Treg cells in PPs during DSS-induced colitis. Cytometric analysis of Treg cells on days 4, 7 and 10 after DSS induction showed that 10% of CD4 + T cells in control mice-derived PPs are Foxp3 + Treg cells (Fig. 1a) . No significant change was observed on day 4 regarding the frequency of Treg cells, whereas on days 7 and 10, they increased to~15% of CD4 + T cells. The absolute number consistently increased from 1 9 10 5 up to nearly 3 9 10 5 cells in PPs, with up-regulated production of TGF-b and IgA ( Fig. 1a ; see Supplementary material, Figs S1 and S2). We have shown that CD11b + B cells are up-regulated and play an important suppressive role in experimental autoimmune hepatitis. 13 We next determined whether CD11b + B cells can also be induced in colitis. The results showed that, before colitis induction, PPs comprised 1-2% of CD11b + B cells. From day 4 to day 10, they had a twofold to fivefold increase in the frequency range and reached the normal level around day 20 ( To further confirm the results, we performed an immunofluorescence assay using frozen sections obtained from DSS-induced mice. Fig. S5 ). As shown in Fig. 2(b We have previously found that splenic B cells promote lamina propria Treg cell proliferation both in vivo and in vitro. 4 Hence, we hypothesized that induced CD11b + B cells in PPs contribute to Treg cell expansion by influencing their proliferation. To investigate this hypothesis, CD19 + CD11b + B cells were sorted from PPs on day 7 after colitis induction, and co-cultured with purified Treg cells at the ratio of 2 : 1 in vitro. Unexpectedly, CD11b + B cells had no effect on Treg cell proliferation (Fig. 3a) We have previously reviewed the function of activated B cells as chemokine producers. 27 Hence, we next investigated whether CD11b + B cells functioned as chemokineproducing cells in Treg cell recruitment in PPs. We SDF-1(CXCL12). On days 1 and 4, CXCL9 was the only chemokine that remained up-regulated (Fig. 4a) . To confirm the results, the chemokine increase was analysed by flow cytometry, which revealed that only CXCL9 increased at protein level (data not shown). Moreover, the expression of CXCL9 was significantly higher in induced CD11b + B cells than in CD11b À B cells (Fig. 4b) . Supernatant of cultured CD11b + B cells also had a high CXCL9 concentration (Fig. 4c) . Accordingly, CXCR3, the receptor of CXCL9, was highly expressed on Treg cells at both day 7 and day 10 in DSS-treated mice (Fig. 4d) . Taken together, these results show that CXCL9 + CD11b + B cells were significantly up-regulated during colitis compared with controls. Intriguingly, the expression of CXCL9 was undetected in CD11b
À B cells at any stage of colitis. Further, a migration assay was performed using CXCL9 neutralization antibody (anti-CXCL9) and recombinant mouse CXCL9 (rmCXCL9). We found that anti-CXCL9 blocked the ability of PP CD11b + B cells to attract Treg cells (Fig. 4e) . The number of Treg cells was significantly reduced after addition of anti-CXCL9 antibody. In contrast, rmCXCL9 addition promoted CD11b + B-cell recruitment of Treg cells. Moreover, Treg cells were also recruited when rmCXCL9 was added alone. To investigate whether the anti-CXCL9 antibody could block the effect of CXCL9 and decrease Treg cell accumulation in PPs, CXCL9 was neutralized with anti-CXCL9 antibody to DSS-induced mice in vivo. Results revealed that the populations of Treg cells were significantly reduced on both day 7 and day 10, after anti-CXCL9 antibody administration (Fig. 4f) . Taken together, these results suggest that induced CD11b + B cells recruit Treg cells into PPs in a process mediated by CXCL9.
Discussion
The present study provides evidence that CD11b + B cells are induced in PPs, in a DSS-induced colitis model. On the course of the disease, induced CD11b + B cells can attract Treg cells into PPs. Moreover, we determined that chemokine CXCL9 mediates the recruitment of Treg cells into PPs by CD11b + B cells during disease. Although our previous study indicated that CD11b + B cells play an important suppressive role in experimental hepatitis, 13 the present study, in line with previous ones, demonstrates that Treg cells also play an essential role in the maintenance of intestinal homeostasis. 4 There is no evidence for the presence of Th1 and Th17 cells in PPs, although they play an important role for the induction and perpetuation of intestinal inflammation. 28, 29 The present study shows that DSS-induced mice are characterized by few Th1 and Th17 cells in PPs over the course of disease (data not shown). The present study shows that B cells promote the recruitment of Treg cells into PPs, which in turn triggers the IgA isotype switch of B cells. We found that, although CD11b + B are induced by day 3, a significant increase in Treg cells in PPs occurs only at the peak of disease (day 7). Despite the obviously increased accumulation of induced CD11b + B cells in PPs from day 3 after DSS induction, no obvious increase in Treg cell population was detected until day 6 (see Supplementary material, Fig. S3b ). Given that IgA class switching is dependent on TGF-b and T-cell-derived TGF-b plays an important role in colitis, [30] [31] [32] [33] [34] we determined the Treg-derived TGF-b in our system. Consistently, we detected that Foxp3 + T cells in PPs produced higher levels of TGF-b expression during disease, accompanied by significantly increased IgA expression (see Supplementary material, Figs S1 and S2). Consistent with previous studies, which demonstrated that T-cell-derived TGF-b plays an important role in colitis. 33, 34 In a previous study, we reported that, rather than recruiting splenic and mesentery lymph node (MLN) Treg cells, B cells promote their proliferation. 4 Hence, we first investigated the proliferation of Treg cells in PPs during disease, which, surprisingly, remained unaltered (Fig. 3a) , indicating that increase in PP Treg cells during colitis was not due to proliferation. In the present study, we found that CD11b + B cells increased much earlier than Treg cells and that transferring CD11b + B cells induced the increase in Treg cells (Figs 1 and 2 As we summarized before, B cells can act as chemokine producers, which is important to understand the additional functions of B cells apart from their roles via immunoglobulin secretion or antigen presentation. 27 We found that the transcriptional levels of various chemokines in CD11b + B cells were up-regulated during disease, possibly induced by the pro-inflammatory immune environment (Fig. 4a) . We detected MIG(CXCL9), MIP-3b (CCL19) and SLC(CCL21) expression using flow cytometry to confirm the results; however, only the increase in CXCL9 was observed during colitis.
CXCL9 is an interferon-c-inducible CXC chemotactic factor, known to mediate T-cell migration, particularly following T-cell activation. [35] [36] [37] However, mice lacking CXCL9 showed a significant decrease in the antibodies against the intracellular bacterium, 38 indicating that this chemokine may serve as a link between B-cell and T-cell responses. In the present study, we identified that B cells in PPs could produce CXCL9 to recruit Treg cells during colitis. Furthermore, CXCL9 is present in induced CD11b + B cells but not in CD11b À B cells. These findings indicate that not all B cells have the ability to produce CXCL9 during colitis. CXCR3 is the only known receptor for CXCL9 and is reportedly expressed by various immune cells, including Treg cells. [39] [40] [41] We observed that, on days 7 and 10, Treg cells up-regulated CXCR3, which is consistent with previous studies. In summary, our findings demonstrate that induced CD11b + B cells in PPs actively recruit Treg cells through the expression of CXCL9, assisting IgA isotype switch during DSS-induced colitis. Our work may provide new insights into the regulatory mechanisms underlying gut-associated lymphoid tissue and the development of new therapies against inflammatory bowel disease.
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